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lipidated proteins in highly curved areas.
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Molecular Simulations of the Membrane-Associated State of the PTEN
Tumour-Suppressor Protein
Craig N. Lumb, Mark S.P. Sansom.
University of Oxford, Oxford, United Kingdom.
PTEN is a tumour-suppressor protein responsible for regulating the phosphati-
dylinositol 3-kinase (PI3K) signalling pathway. The action of PI3K generates
PI(3,4,5)P3, which goes on to promote several downstream processes such as
cell proliferation and survival through its ability to recruit protein kinase B
or Akt (PKB/Akt) and other proteins containing pleckstrin homology (PH)
domains to the cytoplasmic leaflet of the plasma membrane. Negative regula-
tion of PI3K signalling by PTEN is achieved through degradation of PI(3,4,5)
P3 to PI(4,5)P2 by hydrolysis of the D3 phosphate, thereby controlling the
plasma membrane concentration of PI(3,4,5)P3. However, inactivating muta-
tions of PTEN that impair its lipid phosphatase activity can result in accumu-
lation of PI(3,4,5)P3 and lead to uncontrolled downstream PI3K signalling and
subsequent tumourigenesis. PTEN possesses a two-domain architecture, with
a phosphatase domain responsible for PI(3,4,5)P3 hydrolysis and a C2 domain.
In an effort to better understand the nature of the membrane-associated state of
PTEN, we used molecular modelling to generate a model of the protein-
membrane complex based on the crystal structure of cytosolic PTEN (PDB
1D5R) and explored its interactions with PI(3,4,5)P3 and the surrounding mem-
brane lipids using molecular dynamics simulations at both coarse-grained and
atomistic resolution. The predicted location of the protein/membrane interface
was robust to changes in both resolution of the simulations and in bilayer lipid
composition. We identified several key membrane-interacting amino acid
residues lining this interface, some of which correspond to the locations of
established disease-causing mutations, and demonstrated that mutation of these
residues in silico can reduce the degree of membrane interaction.
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Amphetamine Actions Rely on the Availability of Phosphatidylinositol-4,5-
Bisphosphate
Harald Sitte1, Klaus Schicker1, Simon Bulling1, Peter J. Hamilton2,
Gerald Stu¨biger1, Heinrich J. Matthies2, Aurelio Galli2, Gerhard F. Ecker3,
Valery Bochkov1, Stefan Boehm1, Florian Buchmayer1.
1Medical University Vienna, Vienna, Austria, 2Vanderbilt University,
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Neuronal functions, such as excitability or endo- and exocytosis, require
phosphatidylinositol-4,5-bisphosphate (PIP2) since ion channels and other pro-
teins involved in these processes are regulated by PIP2. Monoamine trans-
porters control neurotransmission by removing monoamines from the
extracellular space. They also display channel properties, but their regulation
by PIP2 has not been reported. The psychostimulant amphetamine acts on
monoamine transporters to stimulate transporter-mediated currents and efflux
and thereby increases the levels of extracellular monoamines. Direct or
receptor-mediated activation of phospholipase-C (PLC) reduced membrane
PIP2 and amphetamine-evoked currents through recombinant serotonin trans-
porters; extracellular application of a PIP2-scavenging peptide mimicked this
effect. PLC activation also diminished amphetamine-induced reverse transport
without altering transmitter uptake. Inhibition of reverse transport by PLC ac-
tivation was also observed in brain slices and with recombinant dopamine and
noradrenaline, but not GABA transporters; rises in intracellular Ca2þ or acti-
vation of protein kinase C were not involved in these effects. These data dem-
onstrate for the first time PIP2-dependence of reverse transport and current in
monoamine transporters.
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Maja Kaiser, Nicole Mende, Sophie Pautot.
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The neuronal membrane protein neuroligin-1 (Nlg-1) is best known for its in-
teraction with neurexin, and its ability to trigger presynaptic differentiation in
a neurexin-expressing axon. Here, we are reporting that nlg-1 over-expression
in developing neurons triggers extensive morphology changes. We show thatsimilar changes are observed in HEK-293 cells when we co-expressed nlg-1
with psd-95, a scaffolding protein which binds nlg-1 PDZ domain. Co-
transfected cells exhibited long expansions resembling dendritic branches, as
well as a significant increase in cell surface area. These branches could be
destabilized by adding a PI3K inhibitor, or by depleting the membrane choles-
terol suggesting that the formation of these branches is due to membrane lipid
domain formation around nlg-1 clusters. We have exploited the photophysical
properties of cerulean, a fluorescent protein, to assess environment and confor-
mational changes in nlg-1. Fluorescence lifetime anisotropy imaging showed
that neuroligin-cerulean fusion protein environment is not uniform along these
branches, and that broad changes in life time anisotropy are observed upon
addition of PI3K inhibitor. These measurements suggest that neuroligin tight
clustering is involved in changing cell membrane phosphoinositol lipid compo-
sition enabling the recruitment of PI3K, which in turns promotes the growth
and the maintenance of these expansions.
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T cell activation begins with the formation of signaling complexes at the cell
surface involving among others, the T cell antigen receptor (TCR), the Src fam-
ily kinase Lck and the adaptor protein, linker for activation of T cells (LAT).
We have established photo-activatable localization microscopy (PALM), sto-
chastic optical reconstruction microscopy (STORM), dual channel PALM/di-
rect STORM (dSTORM), live cell PALM and quantitative statistical cluster
analysis to determine how TCR engagement reorganizes the T cell membrane
on the molecular scale.
In quiescent T cells, LAT is already segregated into clusters on the cell surface
raising the question how TCR triggering initiates signaling through these pre-
existing domains. We demonstrated that pre-existing LAT domains are neither
phosphorylated nor laterally transported to the TCR activation site suggesting
that these clusters do not participate in TCR signaling. Instead, TCR activation
results in the recruitment, and phosphorylation of new LAT clusters from sub-
synaptic vesicles. Our data suggests that TCR ligation preconditions the mem-
brane for vesicle recruitment and bulk activation of the LAT signaling network.
We next demonstrated that TCR triggering re-organizes Lck into distinct sig-
naling clusters. Lck clustering, driven by self-association was independent of
the kinase activation state but TCR activation segregated Lck clusters from
clusters of the phosphatase CD45. In addition, de-phosphorylation of Lck,
either at Tyr 394 or Tyr 505, resulted in larger but fewer clusters. Phosphory-
lated TCR and Lck co-clustered at the centre of the activation area suggesting
that molecular re-organization may result in unique TCR signaling domains in
the plasma membrane.
In conclusion, single-molecule imaging provides insights into T cell signaling
that could not have been obtained by any other means.
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Using FCS to Study Protein Disorder and Aggregation
Elizabeth Rhoades, Ph.D.
Molecular Biophysics & Biochemistry Department, Yale University,
New Haven, CT, USA.
Fluorescence correlation spectroscopy (FCS) is powerful approach for studying
the dynamic properties of fluorescently labeled biomolecules including diffu-
sion, binding, and conformational dynamics. We have applied FCS to the study
of membrane binding, dynamics, and aggregation of two intrinsically disor-
dered proteins. The first, a-synuclein, is a small, neuronal proteins whose
aggregation is implicated in Parkinson’s disease. Its native functions are poorly
understood, but are thought to involve binding to cellular membranes. Here we
have measured the free energy of binding of a-Synuclein to lipid membranes
using FCS. Our results show that the binding energy can be strongly altered
by changes to the bilayer curvature and composition, suggesting that even mod-
est changes to lipid components in vivo may be able to exert significant effects
on a-Synuclein function. Furthermore, modifications to the C-terminus of
a-Synuclein, which does not directly interact with the lipid bilayer but exerts
control of the aggregation of the protein, is also able to modulate binding inter-
actions. Measurements of intrachain dynamics indicate that modifications alter
the flexibility of the C-terminus as well as the conformational ensemble popu-
lated by the protein. The second protein, tau, is a microtubule binding protein
that is found in aggregated paired-helical filaments in Alzheimer’s and other
20a Sunday, February 26, 2012diseases. We have characterized the lipid-induced aggregation of tau by FCS.
We find that aggregation occurs when the amount of protein bound to the lipid
bilayer exceeds a critical surface density. Our results suggest that the lipid bi-
layer facilitates protein-protein interactions both by screening charges on the
protein as well as by increasing the local protein concentration, resulting in
rapid aggregation. Our work highlights the versatility of FCS in studying this
important class of proteins.
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Total Internal Reflection with Fluorescence Correlation Spectroscopy
Nancy Thompson.
University North Carolina, Chapel Hill, Chapel Hill, NC, USA.
The combination of total internal reflection illumination with fluorescence cor-
relation spectroscopy (TIR-FCS) allows one to examine in quantitative detail
a variety of biophysical properties related to the motions and interactions of
fluorescent molecules near the interface of a transparent planar surface and
an adjacent solution. Several experimental and theoretical aspects of this
combination will be discussed. TIR-FCS has allowed characterization of local
diffusion coefficients and concentrations of fluorescently labeled antibodies in
solution but very close to substrate-supported phospholipid bilayers. TIR-FCS
has also been used to examine the interaction kinetics of fluorescently labeled
mouse IgG specifically and reversibly associating with the mouse receptor
Fc-gamma-RII, which was purified and reconstituted into substrate-supported
planar membranes. This method also has the potential, through the use of a sin-
gle fluorescent reporter, of providing information about the thermodynamics/
kinetics of nonfluorescent molecules which participate in surface binding
mechanisms; e.g., those that compete with fluorescent reporters for surface-
immobilized receptors or those that interact on the surface with the receptors
and reduce or enhance the interaction of the fluorescent reporters with the sur-
face binding sites.
99-Symp
Measuring Biomolecular Interactions with Single Wavelength Fluores-
cence Cross-Correlation Spectroscopy
Thorsten Wohland, Ph.D.
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Biomolecular interactions are strongly influenced by the complex cellular
environment in which molecules will interact not only with each other but often
compete with or interact via other molecules. Therefore it is necessary to estab-
lish methods which can quantitatively measure interactions within the environ-
ment of cells and organisms. Fluorescence Cross-Correlation Spectroscopy
(FCCS) is a widely used tool for this purpose. FCCS determines interactions
by exciting two fluorescently tagged molecules with different excitation and
emission spectra. It uses two distinct laser lines, which have to be brought to
the same focus, for excitation. But in tissues, where aberrations can be signif-
icant, the overlap of the focal volumes can be strongly position and time depen-
dent rendering quantification difficult. In single wavelength FCCS (SW-FCCS)
a single laser line is used to excite two fluorophores with similar excitation but
distinct emission spectra making the alignment of two lasers unnecessary. SW-
FCCS has been shown to work with quantum dots, tandem dyes, and organic
fluorophores. But in particular it can be applied to fluorescent protein pairs,
e.g. GFP and mRFP/mCherry, which facilitates its application in live samples.
Since its inception SW-FCCS has been applied in live cells and organisms to
determine receptor dimerization, monitor phosphorylation of activated recep-
tors, and determine biomolecular affinities. We will discuss advantages and
pitfalls of SW-FCCS and will show its extension to an imaging format. Confo-
cal SW-FCCS can measure interactions only at single spots. A more accurate
picture of the interactions happening simultaneously in a cell can be obtained
by performing SW-FCCS in an imaging format where hundreds of points can
be measured simultaneously. We therefore extended SW-FCCS to camera
based FCCS to measure interactions at multiple points in a cell.
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40 Years of FCS - A Success Story in Biology
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Four decades after its invention, Fluorescence Correlation Spectroscopy has
found its way into the canon of standard methods for the quantitative analysis
of biological systems. Originally designed for the study of fast molecular
dynamics modulating the fluorescence emission of molecules, and for a
long time being exclusively applied in well-equilibrated buffer solutions,
a large body of instrumental and methodological improvements have paved
the way for its rigorous aplication in the study of complex living systems.
After briefly reviewing some of the most important milestones in FCS devel-opment, I will discuss challenges and prospects for its potential future use in
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Cytoplasmic dynein, the large microtubule-based motor protein, is highly reg-
ulated in cells, enabling it to be deployed to specific sites, collect cargos, and
translocate them towards the microtubule minus-end at specific times. Defects
in the regulation of dynein can cause neurological diseases; for example,
mutations in the dynein co-factor Lis1 cause lissencephaly. Dynein’s ‘‘engine’’
is evolved from ring-shaped AAAþ ATPases, and its microtubule-binding
domain lies at the tip of a coiled-coil stalk, however how these elements might
be acted upon to achieve control remains unknown. Here, using purified pro-
teins from S. cerevisiae, we dissect how Lis1/Pac1 and its binding partner
Nudel/Ndl1 control cytoplasmic dynein. At the single molecule level, we
find that Lis1 slows dynein’s velocity and prolongs its microtubule encounters.
Nudel allows Lis1 to function at lower concentrations, suggesting it acts as
a tether between Lis1 and dynein. High precision analysis shows that Lis1
causes dynein to adopt a microtubule-anchored state by uncoupling dynein’s
ATPase cycle from its binding to microtubules, such that ATP is consumed
without the usual microtubule release and forward motion. To understand the
structural basis for Lis1 regulation, we mapped its binding site on dynein using
electron microscopy and 2D image analysis. Unexpectedly, we find that Lis1
binds at the interface between dynein’s AAAþ ring and microtubule-binding
stalk. Mutational analyses are suggestive of electrostatic interactions at this
dynein-Lis1 interface, which are disrupted by lissencephaly-causing mutations.
We propose that Lis1 regulates the transmission of structural changes between
dynein’s AAAþ ring and microtubule binding stalk, biasing dynein towards
a microtubule-anchored state. In vivo this could allow Lis1 to assist in dynein’s
microtubule plus-end localization and cargo loading, and prevent slippage dur-
ing dynein’s tension-bearing roles.
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Separable Roles for ATPase Domains Involved in Virulence Factor
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Briana Burton.
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Pathogenic bacteria utilize specialized protein secretion machinery in order to
either affect their host cells or to alter the bacterial cell surface itself. One such
emerging secretion system, originally described in Mycobacterium tuberculo-
sis, has been termed the Type VII secretion system (T7S) in bacteria. This
system is defined in part by the presence of membrane-associated FtsK/
SpoIIIE-like AAA-ATPase domain containing proteins, each containing
multiple active sites. While presumed to be involved in the secretion of the vir-
ulence proteins, the function of the ATPases has not been previously deter-
mined. Furthermore, the broader family of these secretion systems includes
gene clusters where the FtsK/SpoIIIE-like protein is split and coded by two
genes rather than one. Here we explore the role of these ATPases in protein se-
cretion using two T7S systems, one with a single ATPase and the other with
a naturally split ATPase. Using complementary biochemical and in vivo assays,
we demonstrate that the ATPases are essential for protein secretion. Further, we
find that the active sites contribute differentially to substrate interaction and ex-
port, thus suggesting a novel system in which a subset of the ATPase domains
may function as their own adapter molecules.
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Protein degradation by the eukaryotic 26S proteasome or the homologous ar-
chaeal PAN-20S proteasome complex is a multistep process that requires
ATP hydrolysis by the proteasome-associated AAA ATPase complex. How-
ever, the mechanisms by which these hexameric ATPases bind and hydro-
lyze ATP to promote protein breakdown are poorly understood. Although
